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Background. Endovascular embolization is a freatment of choice for the management of unruptured intracranial
aneurysms, but sometimes is complicated with perianeurysmal oedema. The aim of our study was to establish inci-
dence and outcomes of perianeurysmal oedema after endovascular coiling of unruptured infracranial aneurysms,
and to reveal possible risk factors for development of this potentially serious complication.

Methods. In total 119 adult patients with endovascular embolization of unruptured intracranial aneurysm (performed
at Department for Interventional Neuroradiology. Clinical Center, Kragujevac, Serbia) were included in our study. The
embolizations were made by electrolite-detachable platinum coils: pure platinum, hydrophilic and combination of
platinum and hydrophilic coils. Primary outcome variable was perianeurysmal oedema visualized by magnetic reso-
nance imaging (MRI) 7, 30 and 90 days after the embolization.

Results. The perianurysmal oedema appeared in 47.6% of patients treated with hydrophilic coils, in 21.6% of patients
freated with platinum coils, and in 53.8% of those treated with mixed type of the coils. The multivariate logistic regres-
sion showed that variables associated with occurrence of perianeurysmal oedema are volume of the aneurysm,
hypertension, diabetes and smoking habit. Hypertension is the most important independent predictor of the perianeu-
rysmal oedema, followed by smoking and diabetes.

Conclusions. The results of our study suggest that older patients with larger unruptured intracranial aneurysms, who
suffer from diabetes mellitus and hypertension, and have the smoking habit, are under much higher risk of having
perianeurysmal oedema after endovascular coiling.
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Introduction

During the past decade method of endovascular
embolization became a treatment of choice for the
management of unruptured intracranial aneu-
rysms, which are increasingly being diagnosed in
the era of modern imaging methods. Endovascular
embolization has been validated as a minimally
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invasive and effective treatment that can prevent
rupture of an aneurysm and intracranial haemor-
rhage, with shortening of hospital stay and faster
patient recovery compared to the surgical treat-
ment. Further step in development of this thera-
peutic procedure was design of bioactive coils,
which are very effective, but sometimes followed
by perianeurysmal oedema. There are a few pub-
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lished case reports linking these coils with devel-
opment of the perianeurysmal edema'”, but we are
still far away from complete understanding of this
phenomenon. Almost identical post embolization
reactions could be seen after use of bare platinum
coils®®, and it is not clear whether the per aneurys-
mal oedema is an adverse reaction to the coils it-
self, or just to specific type(s) of the coils.

The perianeurysmal oedema could clinically
present itself with headache, lethargy, confusion,
meningismus, seizures, disorders of visual func-
tion and/or cranial nerve(s) palsy.'**>” Majority
of the reported perianeurysmal oedema cases ap-
peared after coiling large aneurysms®, but oede-
ma was also recorded after embolization of small
aneurysms.” From the cases described so far, we
could conclude that the clinical appearance, the
time frame of oedema occurrence and the final pa-
tient outcome are highly variable.

Perianeurysmal oedema is relatively rare com-
plication that follows embolization of intracranial
aneurysms. Most of the patients with this compli-
cation are clinically inconspicuous, asymptomatic
or with nonspecific symptoms, which leads to un-
derestimation of the incidence and importance of
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FIGURE 1. T2W axial MR tomogram of a patient showing
perifocal oedema in frontal region after embolization of the left
ophtalmic artery aneurysm.
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this complication.> We are currently unaware of
any risk factors that could predetermine appear-
ance or severity of the perianeurysmal oedema af-
ter endovascular coiling.!13

The aim of our study was to establish incidence
and outcomes of perianeurysmal oedema after en-
dovascular coiling of unruptured intracranial an-
eurysms, and to reveal possible risk factors for de-
velopment of this potentially serious complication.

Material and methods
Study design

Our study was designed as case series, with an em-
bedded case-control study. The case series consist-
ed of patients who underwent endovascular em-
bolization of unruptured intracranial aneurysm;
those of them who developed perianeurysmal
oedema were then considered to be the , cases”,
and the rest of them were classified as ,,controls”.
The cases and controls were not matched.

The study was approved by the Clinical Center
Kragujevac Medical Ethics Committee (No.
01/8642) and was carried out according to the
Declaration of Helsinki as well as we have fol-
lowed the relevant guidelines in this investigation.
All patients signed informed consent.
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FIGURE 2. Digital subtraction angiography (DSA) of a patient
after embolization of the unruptured left ophtalmic artery
aneurysm, 13 x 10mm in diameter.
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Study population

In total 119 patients (of both sex and older than 18
years) with endovascular embolization of unrup-
tured intracranial aneurysm were included in our
study. The embolizations were performed by expe-
rienced interventional neuroradilogists (more than
200 performed embolizations each) at Department
for Interventional Neuroradiology, Clinical Center,
Kragujevac, Serbia, from January 2008 to December
2012. The embolizations were made by etachable
platinum coils: pure platinum, hydrophilic and
combination of platinum and hydrophilic coils. In
order to prevent extrusion of the coils from aneu-
rysms with broad neck, self-expanding stents were
used.

Study variables

Primary outcome variable was perianeurysmal
oedema visualized by magnetic resonance imag-
ing (MRI) imaging 7, 30 and 90 days after the em-
bolization, using standard T1 weighted (W), T2W
and fluid attenuated inversion recovery (FLAIR)
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FIGURE 3. T2W axial MR tomogram of a patient showing minimal
perifocal oedema in left frontal region after embolization of the
anterior communicating artery aneurysm 5 x 5 mm in diameter.

sequences (Figures 1-4). There are predictor vari-
ables that were followed in the study: age of the
patients, sex, arterial blood pressure, serum cho-
lesterol level, size and location of the aneurysm,
type of the coils, patient medication and smoking
habits.

Statistical analysis

The study data were primarily described using
medians, means and standard deviations for con-
tinuous variables, and percentages and odds for
categorical variables. Normality of the data dis-
tribution was checked by Kolgomorov-Smirnof
test. The differences in values of predictor vari-
ables among the study groups (patients with and
without perianeurysmal oedema) were tested for
significance by Student’s T-test (for continuous
variables) or by Chi-square test (for categorical
variables). Univariate and multivariate logistic
regression analyses were used to study the rela-
tionship between occurrence of perianeurysmal
oedema and the predictor variables. The differ-
ences among the study groups were considered to
be significant if probability of null hypothesis was
less than 0.05.
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FIGURE 4. Digital subtraction angiography (DSA) of a patient
after endovascular embolization of the unruptured anterior
communicating artery aneurysm, 5 x 5 mm in diameter.
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TABLE 1. The patients’ characteristics

Without With P

perianeurysmal perianeurysmal

oedema; oedema;

n=74 n=45
Age 46.30 + 8.26* 56.87 +9.33* *#*0.0005
Gender (F) 26 (35.1) 20 (44.4) 0.414
Hypertension 43 (58.1) 44 (97.8) *+*0.0005
Diabetes 8 (10.8) 20 (44.4) *#*0.0005
Smoking 39 (52.7) 34 (75.6) 0.022
Hypercholesterolemia 19 (25.7) 30 (66.7) ***0.0005
Corticosteroids before 29 (39.2) 13 (28.9) 0.346
the embolization
Volume of an aneurysm 75 (33 — 154)** 518 (215 - 898)** *#*0.0005
The coil type: ***0.006
- hydrophilic 22 (52.4%) 20 (47.6%)
- platinum 40 (78.4%) 11 (21.6%)
- mixed 12 (46.2%) 14 (53.8%)

* = mean £ SD, ** =

categorical variables shown as n (%);

median (25-th percentile — 75-percentile); *** = significant difference
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FIGURE 5. The receiver-operator curve (ROC) for volume of the intracranial
aneurysms and occurrence of the perianeurysmal oedema after endovascular

embolization.
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Results

The perianeurysmal oedema was observed by
NMR imaging in 45 of 119 patients (37.8%).
However, only 8 patients (6.7%) developed symp-
tomatic oedema, with transient headache and
malaise. The symptoms withdrew spontaneously
in the next 48 hours. The characteristics of the
patients with and without the perianeurysmal
oedema are shown in Table 1. Location of the an-
eurysms was similar in the both groups (p = 0.268),
but type of the coils determined occurrence rate
of the perianeurysmal oedema: it appeared in
47.6% of patients treated with hydrophilic coils,
in 21.6% of patients treated with platinum coils,
and in 53.8% of those treated with mixed type of
the coils. However, the only significant difference
in rate of perianurismal oedema was between the
patients treated with platinum coils and the pa-
tients treated with mixed type of coils. All of the
patients with symptomatic oedema were treated
with mixed type coils.

From the Table 1 one could see that the higher
the volume of an aneurysm, the perianeurysmal
oedema is more frequent. If a Receiver-Operator
Curve (ROCQ) is constructed for volume of the an-
eurysms and occurrence of the oedema after endo-
vascular embolization (Figure 5), it turns out that
growth of volume of aneurysm for 1 mm? increases
risk of perianeurysmal oedema for 1.3% (AUROC
= 0.908, p = 0.0005). If a cut-off value of 174 mm3
is taken into account, the volume of an aneurysm
could predict occurrence of perianeurysmal oede-
ma with sensitivity of 80.08%, and specificity of
83.8% (positive predictive value is 75.0%, and neg-
ative predictive value is 87.3%).

The results of univariate and multivariate bi-
nary logistic regression for occurrence of perianu-
rysmal oedema as dependent variable are shown
in Table 2. After adjustment for other followed
variables, the multivariate regression showed
that variables associated with occurrence of peri-

TABLE 2. Binary logistic regression for occurrence of perianeurysmal oedema as dependent variable

Univariate analysis

Multivariate analysis

p Odds ratio (Cl) P QOdds ratio (Cl)
Age 0.0005 1.146 (1.085-1.211)
Hypertension 0.001 31.721 (4.144 — 242.784) 0.022 30.599 (1.624 - 576.504)
Smoking 0.015 2.774 (1.223 - 6.291) 0.026 5.391 (1.226 - 23.710)
Diabetes 0.0005 6.600 (2.577 = 16.901) 0.039 5.336 (1.091 —26.099)
Hyperholesterolemia 0.0005 5.789 (2.575-13.015)
Volume of the aneurysm 0.0005 1.010 (1.006 - 1.015) 0.0005 1.013 (1.006 - 1.019)
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aneurysmal oedema are volume of the aneu-
rysm, hypertension, diabetes and smoking habit.
Hypertension is the most important independent
predictor of the perianeurysmal oedema (30-fold
increased risk), followed by smoking and diabetes
(about 5-fold increased risk with each of the vari-
ables).

Discussion

Most of previous reports on perianeurysmal oede-
ma after endovascular coiling described patients
with developed clinical picture.*>® However, peri-
aneurysmal oedema occurs also in asymptomatic
and patients with mild non-specific symptoms, so
frequency and importance of this phenomenon
could be underestimated. According to scarce
published data, the oedema could be found in 9%
of asymptomatic patients®, but our data showed
much higher rate of 37.8%. Considering recently
found link between occurrence of perianeurysmal
oedema after endovascular embolization and re-
currence of anurysm', it becomes very important
to identify risk factors for the oedema and to
modify them with an aim to prevent its occur-
rence.

Mechanism of perianeurysmal oedema devel-
opment remains unclear for the time being, but
it seems that inflammation plays very important
role. Several mechanisms have been proposed to
explain perianeurysmal oedema. It may represent
anormal healing response after coiling and is prob-
ably related by the inflammatory changes. This in-
flammatory response can be exaggerated in some
cases, leading to peryaneurysmal oedema. In other
cases, oedema is observed several months after an-
eurysms treatment and is generally associated with
massive recurrence. Oedema can develop also im-
mediately after treatment due to thrombus forma-
tion and secondary expansion of aneurysmal sac.
It was described around both coiled and uncoiled
aneurysms, but the uncoiled ones were invariably
thrombosed. If the aneurysm was not thrombosed
completely, continuous water-hammering effect
against the residual lumen of the aneurysm (an-
eurysm pulsing) could cause haemorrhage in the
aneurysmal wall, triggering inflammation.”® This
happens mostly in larger aneurysms with wide
neck, which explains why in our study the aneu-
rysms with larger volume were more frequently
followed with perifocal oedema after emboliza-
tion. Moreover, larger aneurysms have bigger en-

dothelial surface, which when damaged by coils
and blood jet produces larger quantity of autacoids
that can initiate process of inflammation.! As a
confirmation of these hypotheses, both release of
cytokines to cerebrospinal liquor’® and inflamma-
tion of meninges!? were found in patients with per-
ianeurysmal oedema after endovascular coiling.
However, although clinical improvement of peri-
aneurysmal oedema was demonstrated in some
studies!??3, others did not confirm such beneficial
effect.’® In our study pre-embolization administra-
tion of corticosteroids did not affect the occurrence
of perianeurysmal oedema.

Older patients have higher risk for perianeu-
rysmal oedema after embolization®®%'%; the pa-
tients with oedema in our study were on average
10 years older than the patients without oedema.
Hypertension, diabetes mellitus and smoking are
also risk factors for perianeurysmal oedema, ac-
cording to our and some other studies.® This is not
surprising, since all these factors adversely affect
microcirculation!®” leading to increased perme-
ability of capillaries and propensity for inflamma-
tion and oedema formation.

Perianeurysmal oedema could be observed af-
ter endovascular embolization with any type of
coils." However, certain studies hypothesized
that bioactive coils increase the risk for the oedema
up to nine-fold.®!%!2 In our study bare platinum
coils did have the smallest rate of perianeurysmal
oedema, but the difference was not significant in
comparison to the hydrophilic coils. This issue re-
quires further research before any kind of recom-
mendation about choice of coil type could be made.

According to published data the incidence of
perianeurysmal oedema is much lower, from a few
percentages to 14, 3%.!% However all published
cases were symptomatic, presented commonly
with headache, malaise or cranial neuropathies.
Perianeurysmal oedema is actually much more
frequent, but mostly remains asymptomatic (as
shown in our study), and is rarely followed by seri-
ous complications.

The results of our study suggest that older
patients with larger unruptured intracranial an-
eurysms, who suffer from diabetes mellitus and
hypertension, and have the smoking habit, are
under much higher risk of having perianeurysmal
oedema after endovascular coiling. Such patients
should be more strictly controlled by MRI imag-
ing after the embolization, in order to reveal the
oedema earlier, and adjust the care for the patient
accordingly.

Radiol Oncol 2015; 49(4): 341-346.

345



346 Lukic S et al. / Perifocal oedema after endovascular embolization

References

1. Pickett GE, Laitt RD, Herwadkar A, Hughes DG. Visual pathway compromise
after hydrocoil treatment of large ophthalmic aneurysms. Neurosurgery
2007; 61: E873-4.

2. Schmidt GW, Oster SF, Golnik KC, Tumialan LM, Biousse V, Turbin R, et al.
Isolated progressive visual loss after coiling of paraclinoid aneurysms. Am J
Neuroradiol 2007; 28: 1882-9.

3. Fanning NF, Willinsky RA, Brugge KG. Wall enhancement, edema, and
hydrocephalus after endovascular coil occlusion of intradural cerebral an-
eurysms. J Neurosurg 2008; 108: 1074-86.

4. Cohen JE, Itshayek E, Attia M, Moscovici S. Postembolization perianeurys-
mal edema as a cause of uncinate seizures. J Clin Neurosci 2012; 19: 474-6.

5. Vu Dang L, Aggour M, Thiriaux A, Kadziolka K, Pierot L. Post-embolization
perianeurysmal edema revealed by temporal lobe epilepsy in a case of un-
ruptured internal carotid artery aneurysm treated with bare platinum coils.
J Neuroradiol 2009; 36: 298-300.

6. Horie N, Kitagawa N, Morikawa M, Tsutsumi K, Kaminogo M, Nagata .
Progressive perianeurysmal edema induced after endovascular coil em-
bolization. Report of three cases and review of the literature. J Neurosurg
2007; 106: 916-20.

7. Stracke CP, Krings T, Méller-Hartmann W, Mahdavi A, Klug N. Severe inflam-
matory reaction of the optic system after endovascular treatment of a
supraophthalmic aneurysm with bioactive coils. Am J Neuroradiol 2007;
28: 1401-2.

8. White JB, Cloft HJ, Kallmes DF. But did you use HydroCoil? Perianeurysmal
edema and hydrocephalus with bare platinum coils. Am J Neuroradiol 2008;
29: 299-300.

9. Craven |, Patel UJ, Gibson A, Coley SC. Symptomatic perianeurysmal edema
following bare platinum embolization of a small unruptured cerebral aneu-
rysm. Am J Neuroradiol 2009; 30: 1998-2000.

10. Killer M, Hauser T, Wenger A, Richling B, Ladurner G. Comparison of experi-
mental aneurysms embolized with second-generation embolic devices and
platinum coils. Acta Neurochir (Wien) 2009; 151: 497-505.

11. Nishino K, Ito Y, Hasegawa H, Shimbo J, Kikuchi B, Fujii Y. Development of
cranial nerve palsy shortly after endosaccular embolization for asympto-
matic cerebral aneurysm: report of two cases and literature review. Acta
Neurochir (Wien) 2009; 151: 379-83.

12. Im SH, Han MH, Kwon BJ, Jung C, Kim JE, Han DH. Aseptic meningitis after
embolization of cerebral aneurysms using hydrogel-coated coils: report of
three cases. Am J Neuroradiol 2007; 28: 511-2.

13. Killer M, Arthur A, Al-Schameri AR, Barr J, Elbert D, Ladurner G, et al.
Cytokine and growth factor concentration in cerebrospinal fluid from
patients with hydrocephalus following endovascular embolization of un-
ruptured aneurysms in comparison with other types of hydrocephalus.
Neurochem Res 2010; 35: 1652-8.

14. Hayashi K, Kitagawa N, Morikawa M, Horie N, Kawakubo J, Hiu T, et al. Long-
term follow-up of endovascular coil embolization for cerebral aneurysms
using three-dimensional time-of-flight magnetic resonance angiography.
Neurol Res 2009; 31: 674-80.

15. Tomokiyo M, Kazekawa K, Onizuka M, Aikawa H, Tsutsumi M, lkoh M, et al.
Mechanisms of perianeurysmal edema following endovascular emboliza-
tion of aneurysms. Interv Neuroradiol 2007; 13(Suppl 1): 145-50.

16. Del Caiizo Gémez FJ, Fernandez Pérez C, Moreno Ruiz |, de Gorospe Pérez-
Jauregui C, Silveira Rodriguez B, Gonzélez Losada T, et al. Microvascular
complications and risk factors in patients with type 2 diabetes. Endocrinol
Nutr 2011; 58: 163-8.

17. Mancini M, Di Donato O, Saldalamacchia G, Liuzzi R, Rivellese A, Salvatore
M. Contrast-enhanced ultrasound evaluation of peripheral microcirculation
in diabetic patients: effects of cigarette smoking. Radiol Med 2013; 118:
206-14.

18. Im SH, Han MH, Kwon BJ, Jung C, Kim JE, Han DH. A meningitis after embo-
lization of cerebral aneurysms using hydrogelcoated coils: report of three
cases. Am J Neuroradiol 2007; 28: 511-2.

19. Fanning NF, Wilingsky RA, Grugge KG. Wall enhancement, edema and
hydrocephalus after endovascular coil occlusion on intradural cerebral
aneurysms. J Neurosurgery 2008; 108: 1074-86.

Radiol Oncol 2015; 49(4): 341-346.



